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Topics: AIRS Land Surface LST & LSE

1. AIRS data over Snow and Ice Scenes

Paper submitted to TGARS special issue as part of the ITWG Land
Surface Workshop (June 2006). Preprint available.

2. MEASURES Proposal Advertisement (Simon Hook, Pl)

3. AIRS PGE Version 5 Improvements
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- MODIS/AIRS comparison: Africa & Global

- V5 preliminary conclusions
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A Proposed Methodology for the Determination
of Surface Temperature and Effective Infrared
Emissivity for Advanced Infrared Sounder
Fields of View at High Latitudes

Fober: O Kauteson, Szu Chiz Moeller, David C. Tobin, and Henry £ Revercomb

Abstrace— A wethodolozy to retrieve the effective land
surface mfrared properties of suow surfaces is presented that
takes advantage of the hizh spectral resolution observations of
a new zeneration of advanced infrared sounders aboard polar
orbifing weather :atellites. Application of the method
described here it mtended for the high latitude pelar regions,
e.g. Siberia, Alaska, Canada, Greenland, and Auntarcdca. The
method 11 for the identification of uniform field: of view of the
sounder using collocated umager infrared data and the
estimation of corresponding effecdve surface imfrared emission
across the thermal infrared wimg the Jmown spectral
dependence of snow and ice emisiivity. An example over the
Greenland ice sheet is presented. The correct interpretation of
the surface emdssion is an important component of making high
latitude data from advanced infrared sounder: wseable i
Numerical Weather Prediction data assimilation.

Index Terms—Remote Sensing, Satellites, Smow, Weather
Forecasting

I INTRCOUCTION

A pew zaperaton of infrared soundars for farure weather
satellites i3 bemz developed iz the United Stara: and
Europe for obfaiving improvad profile: of ammosphenc
IRMpETAtUre, Watsr vapor, and mace gas concenmation:s The
NASA Amnospheric Infrarad Sounder (AIRS) on the 208
Aqua platform was the first of a senes of high special
resolution s2psors that mcludes the operational Infrared
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Ancosphenc Sounding Interferomster (IASI) on Europe’s
METOP platforms and the Cross-track Infrared Sounder
(CIIS) on the U S. Natonal Polar Orbiting Eavironmental
Satellite System platforms [1]-[3] A characteristic of these
advacced infrared sounders is the use of spactrometers with
nearly contmuous coverags across the thermal emission
spactrum with resolving powers of 1000 or greater. Thee
hizh spectral resolution IR sounders have the advactaze of
bemngz abla to rasolve mdividual adsorption lines of water
vapor acd carbon diox:ide and theredy prov: de 2 number of
Tansparent micro-windows that require 2 smaller
amosphenic correcton than broad-bacd msmuments. One of
the goals for these new semsors is to provide ammospheric
sounding data over land and frozen ocean where sarallite
soundings kave yet to be fully utlized This paper proposas
a methodology for the proper use and interpratation of hizh
spactral resolution infrared sounder obsarvations over snow
and ice that 3 suitable for pumerical weather prediction
(NWP) diract assim:[ation of radiancas.
II. INFRARED RADIATIVE TRANSFER THEORY

This paper will follow the conton of [4] for the cloud-
frz2 radiative tansfer aquation, peglectng solar radiation
and scattening effects, of a downlooking infrared semsor
viswing 2 bo:r.o Zeneous surface
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obzerved spacmal radiance, spectral emissivity, Planck
fucction, the surface skin  temperature, specmal
mansmittance from alimde z1 to 22, sensor altitude, and air
t2mperature at lumde z, respectively. The first term of (1)
i3 the enussion from the aumosphers above the surface. the
second temm 15 the direct emussion from the surface thar
rzaches the sausor, and the third tam is the IR downwelling
ammospheric flux reflactad at the surface acd mansmited o
the sensor undar the approximation of a lambartian surface



Emissivity

AIRS Data Over Greenland: January 2005

Median = 0.44 Std Dev. = 0.21

240 Snow Fraction 250
235f 05
200
2301 08
225 h \“l‘ :; 150
< 220 l\ M l ) '1 “IM s 100
= | |
E 2181 I n‘\ ‘ | ‘ 'W\ 3 M /| )
| | i 03 50
W - . | .
gl —
205+ ( \ ‘ B N _&5 0 Snow FOr'asction !
200 " ‘
195- |
‘ —~ 2 T T
190 1000 15‘00 20‘00 2506 é Constant
Wavenumber (cm'1 ) % w ‘ Effective
Q w e
1Fit to UCSB Snow Measurement (Extended usin? Dozier & VYarren 1982) g 0 . \' M\‘ !1 ‘MW(\V 1,,‘”\' e ?/\*M WMMMW NA&WM J/ ﬂw
UCSB measurement i \‘ f :
0.995 | o sa:’_npk?_tpoints i CC> N N "
spline fi ©
0.99 - \f\ - g _2 1 1 I 1
[ 700 800 900 1000 1100
0.985- \ﬁR -
0.98 [\ b 2
0975} i g
0.97} i g o ;Uf\“w \\‘" TTTT— I —
0.965| e ('.> “\P\ \\\'W p.lﬁ
0-960 500 1000 1500 2000 2500 3000 HLI] 2
Wavenumber (cm™) - ! ! ! !
700 800 900 1000 1100

Wavenumber (cm'1 )
pan



ROSES 2006 MEASURES
NRANNE0SZDAOOIN A UNIFIED LAND SURFACE EMISSIVITY PRODUCT FOR EARTE SCIENCE

A Unified Land Surface Emissivity
Product for Earth Science Research

By

Simon J. Hook (Pl - JPL)

Robert E. Dickinson (Co-l — Georgia Tech)
Dorothy K. Hall (Co-l - GSFC)
Robert O. Knuteson (Co-l - UW-Madison)
Jeffrey L. Privette (Co-l - NOAA)

Moustafa Chahine (Collaborator-JPL)
John Le Marshall (Collaborator-BoM)
Ana C. T. Pinheiro (Collaborator - NOAA)
Fuzhong Weng (Collaborator - JCSDA)

Response to NNHO6ZDAOOIN (ROSES A-22)

1
Use o disclosure of information contarnad on this sheetis subsect to the rasmction o the Cover Pags of thus proposal



AIRS V5 NASA EOS Land Products
(45 km)

1

Surface Emissivity @ 1090cm™

from AIRS V5 L2: August 2005

MODIS
(5 km)

MODIS 0.05 Degree Band 29 (8.3 micron) (August 2003)

ASTER
(0.090 km)

40.0°

8.5 and 9 um emissivity

is low when bare soil (quartz)
IS exposed.

325°N

BOW 1225w 1200 W 1175 W 1150 W

Goal is to create a Unified Product at several scales

that combines data taking advantage of the strengths
and weaknesses of each product.
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AIRS V5 Land Surface: A Brief History Time

* In the beginning, water covered the Earth (Ver. 3).
» Waters began to recede from the land (Ver. 4)
* Dry land is exposed for the first time (Ver. 5)

But how well is Version & working?

o | first presented results to the science team in
2004 regarding the land emissivity signal that was
present in the AIRS data.

* In the past three years | have focused on creating
validation data streams using multiple methods.

* What follows is a very preliminary look at results
available from the PGE only for the past few weeks.



Egypt

Case Study




Case Study: Egypt

AIRS over Egypt One: 16 Nov 2002 11:03UTC
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LATITUDE

UW “Truth” Provided Three Years Ago

AIRS Raw Relative Emissivity (9 um): 16 Nov 2002 11:00-11:06 UTC
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IR Emissivity

Status Three Years Ago: Version 3

AIRS over Egypt One: 16 Nov 2002 11:03UTC
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Where are we now?

Version 4.0.9 --- 5 Years available from Goddard

Version 5.0.9 --- Test data from JPL Team Facility

Evaluating cases from 2006 to provide Sahara land surface
Emissivity background in support of UMBC dust study. 13



AIRS STD Version 4.0.9 V4

UW LSE Spectral Variance

AIRS.2006.01.11.001.L2.RetStd.v4.0.9: emisIRStd (9 um)

AIRS.2006.01.11.001: AbsEmiss 9 ym

AIRS.2006.01.11.001.L2.RetStd.v4.0.9: emisIRStd (4 um)
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UW LSE Spectral Variance AIRS STD Version 5.0.9 V5

AIRS.2006.01.11.001: AbsEmiss 9 pm AIRS.2006.01.11.001.L2.RetStd.v5.0.9: emisIRStd (9 pm)
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UW LSE Spectral Variance AIRS STD Version 4.0.9 V4

AIRS.2006.01.11.001: Ts Absolute 2 9 0 AIRS.2006.01.11.001.L2.RetStd.v4.0.9: Tsurf 2 9 0
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UW LSE Spectral Variance AIRS STD Version 5.0.9 V5

AIRS.2006.01.11.001: Ts Absolute 290 AIRS.2006.01.11.001.L2.RetStd.v5.0.9: Tsurf 290
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AIRS.2006.01.11.001.L2.RetStd.v4.0.9 emisIRStd
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Emissivity

1x2 degree box over Sand Dunes (Egypt) Uw
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Emissivity

1x2 degree box over Sand Dunes (Egypt) V4

AIRS.2006.01.11.001.L2.RetStd.v4.0.9 emisIRStd (v4.0.9)
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Emissivity

1x2 degree box over Sand Dunes (Egypt) V5
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LEVEL 3 Product Comparison

AIRS PGE L3 version 5.0.7

- obtained 3 weeks ago but already
superceded by a version that includes L2 QC
relaxation of retrievals over the Sahara.

MODIS Land L3 collection 4
- UCSB Day/Night Algorithm (MYD11C)

Only showing AUGUST 2005

24



MODIS
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MODIS AIRS

AIRS L3 at 3.8 pm LSE (v5.0.7.0)
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MODIS AIRS

MUDIS (v4) Band 32 Surtace Emissivity (1 degree resolution)
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MODIS

AIRS

~ AIRS (v5.0.7) L3 at 12 ym LSE
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MODIS

MODIS (v4) Band 29 Surface Emlsswlty (8.6 ym)
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MODIS AIRS
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V4 to V5 Preliminary Conclusions
Comments related to AIRS PGE v5.0.9:

* 9 um emissivity shows physical patterns
(Is this a success of the initial regression by L. Zhou?)

4 um is too strongly correlated with 9 um LSE
(Should the regression training set be expanded?)

* 12 um is too strongly correlated with 9 um LSE
(Should this be constrained to physical values?)

* T skin is anti-correlated with 4 um LSE
(as well as 12 um)

32



V4 to V5 Conclusions (continued)

Suggest team algorithm adopt a method that
constrains the emissivity to physically realistic
values, e.g. 0.96 — 0.99 at 12 microns.

Some possible approaches for improvement:

(1) Use a mixing model of a constant and regression
emissivity specrum in the final retrieval, or

(2) Retrieve the coefficients of PCA of laboratory
emissivity spectra in physical retrieval with
physical constraints, and/or

(3) Use a priori covariance map derived from either
MODIS or AIRS LSE extended with lab spectra. 33



Backup Slides
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Details

UMBC SARTA Version V106 (Fast Model for AIRS Channels)
- Atmosphere Emission only
- Atmosphere Transmission only
- Downwelling IR Transmitted to the TOA

35
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Best Fit Emissivity
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